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increase	 of	 egg	production	 can	be	 expected	 in	 the	
coming	years.
Cracked	eggs	is	one	of	the	most	important	problems	
decreasing	 the	 economic	 efficiency	 of	 producers	
(Mazzuco	 and	Bertechini,	 2014).	Kingori	 (2012)	
reviewed	that	more	than	5%	of	eggs	are	not	available	
for	 consumers,	 and	0.5-6%	have	 eggshell	 damage.	
According	to	Narahari	et al.	(2000),	about	half	of	the	
eggs	rejected	for	shell	defects	shows	micro-cracks,	
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Sealing methods of micro-cracked eggs
32%	 reduction	of	 hatchability	 and	 increased	 chick	
mortality	associated	with	micro	cracked	eggshells.	
A	 potential	method	 for	 improving	 hatchability	
consists	 in	 sealing	 the	 eggshells	with	 substances	




We	 hypothesised	 that	 sealing	 micro-cracks	
on	 eggshells	 (which	 retain	 undamaged	 eggshell	
membranes)	 using	 nail	 varnish	 or	molten	 paraffin	
might	 improve	 hatchability.	Additionally,	 coloured	
nail	varnish	should	be	tested	for	a	possible	negative	
impact	of	colour	additives	on	embryonic	development,	
embryonic	mortality	 (EM)	 and	hatching	weight	 of	
the	 chick	 (CW).	Therefore,	 the	 aim	 of	 this	 study	







rules	 set	 by	 the	Animal	Ethics	Committee	 of	 the	
Islamic	Azad	University,	Rasht	Branch,	Iran,	and	with	
Directive	2010/63/EU.
Experimental design and treatments




















Incubator management and measurements



























Statistical	 Package	 for	 the	Social	 Sciences	 (SPSS,	
2008),	and	the	R	software	(R	core	team,	2015).	The	
normality	 of	 data	 distribution	 and	homogeneity	 of	
variance	were	 tested	 using	 the	 Shapiro-Wilk	 and	
Levene	 tests,	 respectively.	The	 hatcher	 tray	was	
considered	the	experimental	unit.	A	one-way	ANOVA	
was	used	to	determine	the	effects	of	treatment	(UE,	
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hatchability,	 only	 the	NV	 group	 showed	 similar	
hatchability	compared	with	that	of	UE	(p>0.05).	The	








the	 highest	 EM	 (Table	 2).	Moreover,	 early	 EM	
Table 1. Effect of three eggshell micro-crack sealing methods [uncolored nail varnish (NV), colored nail varnish (CV), molten paraffin 
(MP)] on egg weight (EW) at transfer, EW loss, hatchability, chick weight (CW) and CW/EW ratio. Data are expressed as mean ± 
standard error (n = 20).
Trait Uncracked eggs Non-sealed cracked eggs NV CV MP p-value
EW at transfer (g) 59.2±0.41a 55.6±0.17b 57.9±0.33a 58.3±0.36a 58.1±0.18a <0.001
EW loss at transfer (%) 9.62±0.26a 14.66±0.49b 11.74±0.65a 11.56±0.57a 11.05±0.72a <0.001
Hatchability (%) 86.11±1.13a 72.92±4.30bc 84.02±2.08a 77.77±0b 59.72±6.46c 0.002
CW (g) 45.2±0.32a 43.4±0.29b 44.6±0.24ab 44.6±0.50ab 45.0±0.26ab 0.019
CW/EW (%) 68.92±0.32ac 66.61±0.29b 67.97±0.54abc 67.63±0.53ab 69.87±0.43c 0.001
Means with different superscript letters (a, b, c, d) within the same row differ (p<0.05).

























Table 2. Effect of three eggshell micro-crack sealing methods [uncolored nail varnish (NV), colored nail varnish (CV), molten paraffin 
(MP)] on embryonic mortality (EM) and chick traits. Data are expressed as mean ± standard error (n = 20).
Trait Uncracked eggs Non-sealed cracked eggs NV CV MP p-value
EM 1-10d (%) 10.42±1.33ab 16.57±1.13c 6.95±1.79a 13.20±0.69b 15.97±2.86bc 0.048
EM 11-17d (%) 0.69±0.69a 7.64±2.86b 4.17±0.80b 2.08±1.33ab 4.17±0.80b 0.059
EM 18-21d (%) 1.39±0.80a 1.39±0.80a 2.08±0.69a 2.08±0.69a 6.94±1.39b <0.001
Cull (%) 1.39±0.80 1.39±1.39 2.78±1.13 2.08±0.69 2.78±1.13 0.701
RHBC (%) 0.83±0.83a 11.59±1.67c 1.64±0.95ab 0±0a 5.82±0.85b <0.001
RHBC = chick with red hock and/or black cord.
Means with different superscript letters (a, b, c) within the same row differ (p<0.05).
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consistent	with	 the	 12%	 recommended	 by	Ross	
(2009).	 No	 differences	 among	 UE	 and	 treated	









(2011)	 explained	 that	CW	 is	 highly	 influenced	 by	
egg	weight.	Our	findings	are	in	close	agreement	with	
Narahari	et al.	(2000),	who	applied	different	eggshell	












likely	 due	 to	 a	 gas-exchange	 reduction	 and/or	
altered	 humidity	 conditions,	 or	 also	 to	 increased	
bacterial	contamination.	Considering	the	EW	results	
previously	discussed,	it	might	be	hypothesised	that	
hatching	 reduction	was	mainly	 due	 to	 increased	
bacterial	 penetration	 in	 eggs.	The	 highest	 level	 of	
contamination	and	high	early	EM	found	in	the	MP	
group	seems	to	support	this	hypothesis.	Barnett	et al. 

















(2009)	 explain	 that	 these	 differences	were	mainly	
due	to	late	EM	(from	d	18	to	d	21	of	incubation),	and	
that	 nail	 polish	was	not	 dangerous	 for	 the	 embryo	
development.	 It	 is	not	stated	 in	 their	article	 if	 they	
used	colored	or	uncolored	nail	polish.	The	influence	of	
early	EM	(from	d	1	to	d	10	of	incubation)	has	an	effect	











water	 conductance	 of	 the	 embryo.	Our	 results	 are	
generally	 in	 agreement	with	 the	 study	of	Narahari	
et al.	(2000),	who	reduced	EM	by	covering	eggshell	
cracks	with	either	resin,	cellophane	or	insulation	tape.	
In	 conclusion,	 sealing	micro-cracked	 eggshells	
with	NV	or	CV	are	effective	to	numerically	improve	
hatchability,	 and	 to	 reduce	EM	 in	micro-cracked	
eggs.	Improved	hatchability	(15.2%)	was	found	when	
micro-cracked	eggshells	were	sealed	with	uncolored	
varnish,	 which	 seems	 to	 facilitate	 embryonic	
development	similar	to	un-cracked	eggs.
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